Three streptomycin-resistant mutants of group H streptococcus, strain Challis, were examined for ability to accumulate 14C-streptomycin. Although the mutants exhibited different levels of transformation, only the streptomycin-sensitive parent Challis strain accumulated significant amounts of '4C-streptomycin. It appears that impermeability to streptomycin does not necessarily result in reduction or loss of transformability. The amount of label accumulated by strain Challis was correlated with a loss of viability. In addition, accumulation of label was influenced by the concentration of '4C-3treptomycin, the time of exposure, and the type of medium employed.
The alteration in transformability of certain species of transformable bacteria upon acquisition of antibiotic resistance has been observed by several investigators (4, 8, 10, 11) . These observations appeared to offer an excellent means of studying the mechanism of competence development and also the inability of some strains to undergo transformation. Recently, Perry (8) reported the alteration in transformability of several streptomycin-resistant mutants of group H streptococcus, strain Challis. Three mutants were isolated from medium containing high concentrations of streptomycin. One of these mutants (SR5a) exhibited a rate of transformation comparable to the parent strain Challis; another mutant (SR5) was weakly transformable; and a third mutant (SR30) had undergone a complete loss of transformability. The alteration in transformability of mutants SR5 and SR30 was found to be due to a decrease and loss, respectively, in capacity to take up deoxyribonucleic acid (DNA). In contrast, mutant SR5a incorporated an amount of DNA similar to that incorporated by strain Challis. Sirotnak et al. (11) obtained similar results with an erythromycin-resistant pneumococcus. In addition, these investigators suggested that the decrease in capacity to take up DNA was correlated with the cells' becoming impermeable to erythromycin. Similarly, Polsinelli et al. (10) were able to correlate a decrease in transformability of actinomycin-resistant Bacillus subtilis with a decrease in permeability to actinomycin. In view of these observations, it seemed particularly worthwhile to determine the relationship between transformability and permeability to streptomycin in streptococci.
The purpose of this investigation was to study the uptake of "4C-streptomycin by strain Challis and streptomycin-resistant mutants of strain Challis. Although it has been shown that alteration in permeability is one of the mechanisms involved in streptomycin resistance in other bacteria (12) , nothing is known concerning this process in streptococci.
MATERIALS AND METHODS
Bacterial strains, DNA preparation, transformation procedure, and media have been described (8 ) and washed at 25 C (room temperature) with 1 ml of PG medium containing 50 pg of nonradioactive streptomycin/ml (5). The filters were dried at room temperature and transferred to scintillation vials containing 15 ml of scintillation liquid [p-bis-2-(5-phenyloxazolyl)-benzene, 0.1 g; 2,5-diphenyloxazole, 4 g; in 1 liter of toluene]. Samples were counted for 20 min (at least 800 counts) in a Beckman LS-100 liquid scintillation system which had a counting efficiency greater than 95%. In all experiments, corrections were made for nonspecific adsorption on filters by subtraction of the radioactivity of appropriate controls. Under the conditions employed, less than 2% of the radioactivity was adsorbed on the membrane filters. Viable and microscopic counts were also determined for each sample. RESULTS Considerable difficulty was encountered initially in determining the proper medium for measuring the accumulation of 14C-streptomycin by streptococci. As can be seen in Table 1 , the type of medium employed has a great influence on the amount of radioactivity retained by the cells. As stated previously (see Materials and Methods), cells were grown for 18 hr in BHI and then for approximately 2.5 hr in BHI. The cells were concentrated by centrifugation and resuspension in the various media indicated in Table 1 for measurement of 14C-streptomycin uptake. It is quite apparent that the PG medium is most suitable for uptake of radioactivity. A small amount of radioactivity was accumulated by cells incubated in PYG [1% Proteose peptone, 0.5% yeast extract (Difco), 0.1% glucose, pH 7.6], but only about one-tenth as much as in PG medium. Cells incubated in BHI did not accumulate any of the label. In addition, there was a decrease of over 99% in the number of CFU when cells were incubated in PG as compared with a 97% decrease in PYG and a 70% decrease in BHI. Thus, in subsequent experiments, PG medium was employed in determining the uptake of "4C-streptomycin. It is also shown in Table 1 that, of the three media employed, only PYG supported transformation.
The effect of '4C-streptomycin concentration on uptake by strain Challis was also examined. Cells were incubated in PG medium in the presence of various concentrations of labeled streptomycin for 2 hr. Little uptake of '4C-streptomycin occurred at concentrations of 5 to 10 ,ug/ml (Fig. 1) .
Above 10 jig/ml, however, the amount of radioactivity accumulated was much greater, and the amount accumulated at 40 ,g/ml was twice that accumulated at 20 ,ug/ml. No additional increase in uptake of "4C-streptomycin occurred when concentrations above 40 ,ug/ml were employed. Also shown in Fig. 1 is the sharp reduction in the number of viable CFU as the concentration of 14C-streptomycin was increased.
In Fig. 2 are shown the results obtained when strain Challis and mutants SR5a, SR5, and SR30 were incubated with 20 ug of 14C-streptomycin/ml for various periods of time. It is quite apparent that streptomycin-sensitive strain Challis accumulated significant amounts of radioactivity. The amount of radioactivity increased with the time of incubation up to 3 hr. A decrease in uptake of label occurred after 3 hr of incubation. Concomitant with the increase in uptake of radioactivity by strain Challis, there was a decrease in cell viability. In contrast, only low transient uptake of label occurred in mutant SR5, and no uptake was observed for mutants SR5a and SR30. The viability of these mutants did not change significantly during the 4-hr period of incubation. (7) . It was also found that a low level of transformation could be obtained in mutant SR30 when it was exposed to competence factor from strain Challis. Mutant SRSa (highly transformable), however, produces an amount of competence factor similar to that of strain Challis, although its specificity (for strain Challis) appears to have been altered.
Alteration in permeability to streptomycin by streptomycin-resistant streptococci certainly cannot be the sole reason for change in transformability by these strains. Although the mutants exhibited different levels of transformation, only the streptomycin-sensitive Challis strain accumulated significant amounts of 14C-streptomycin (Fig. 2) . It thus appears that, under the conditions employed, imnpermeability to streptomycin is not directly correlated with impermeability to DNA, at least in mutant SR5a. Similarly, Ephrati-Elizur (4) observed one actinomycinresistant B. subilis strain which still retained a high degree of transformability. Presumably, this strain is impermeable to actinomycin. It should be pointed out, however, that mutant SR5a is three to four times more sensitive than mutants SR5 and SR30 to high concentrations of streptomycin (8) . Therefore, mutants were exposed to higher concentrations of "4C-streptomycin in an attempt to overcome the permeability barrier, and perhaps detect some difference in uptake of label. Concentrations up to 2 mg/ml were employed, and the period of incubation was extended to 20 hr. Still, no accumulation oflabel was noted, although an approximate 50% decrease in viability occurred. Streptomycin resistance seemingly has a differential effect on transformability, ranging from none (SR5a) to complete inhibition (SR30). The reason for this differential effect may be related to the origin of these mutants. Mutants SR5a and SR5 were isolated from the same source (5 mg of streptomycin per ml), whereas mutant SR30 was isolated by streaking mutant SR5 onto medium containing 30 mg of streptomycin per ml.
Apparently, uptake of streptomycin is essential for killing, since none of the mutants showed a decrease in viability during the 4-hr incubation period with 20 ,ug/ml. Strain Challis, however, exhibited a marked decrease in viable CFU as incubation was continued. The decrease in accumulation of label by strain Challis after 3 hr of incubation is probably due to "leakage" of the label out of the cells as a result of membrane damage (1) and subsequent loss of viability. Microscopic observation of cells after incubation with '4C-streptomycin indicated no apparent cell lysis.
Another interesting aspect of these investigations was the effect of different media on the uptake of 14C-streptomycin (Table 1) ployed, the cells accumulated a maximum of 150 counts/min which is only 6.5% of the total radioactivity added (Fig. 2) . Nevertheless, the amount of radioactivity taken up was sufficient to kill over 99% of the cells. Some difference in the rate of growth of strain Challis in the three media (streptomycin-free) was also noted. In PYG and BHI, the number of CFU doubled after 2 hr, whereas in PG medium there was an approximate 1.5-fold increase in the number of CFU. It is not known, however, whether this difference can account for some of the decrease in uptake of streptomycin by cells 
